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Abstract of J P1 1307810 
PROBLEM TO BE SOLVED: To provide a 
semiconductor light emitting element, the 
operating voltage of which can be lowered and 
the output of which can be increased when 
InGaAlP is used for forming the element. 
SOLUTION: When a contact layer 22 doped with 
a prescribed amount of carbon is provided in a 
semiconductor light emitting element 10A, the 
contact resistance of the element 10A with an 
ITO electrode 16 can be lowered. Carbon is not 
diffused and, therefore, does not deteriorate the 
characteristic of the light emitting element like 
zinc does. In addition, when a band gap layer 21 
having an intermediate band gap between those 
of the contact layer 22 and a clad layer 13 is 
interposed between the layers 22 and 13, the 
flown-in of positive holes is accelerated and the 
resistance of the element is lowered, because the 
band discontinuity of a valence band is relieved. 
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[11*311] InGaAlP^fffH/^Mi 

[fS#JS2] InGaAlP^»(tH45nS^7 
IKrfBnffl^9y KJB<a_hf£fS!ttib*l InGaAl PSM£ 
«TEJ8*/i<0±*c:JS[!W&*lpS<0 I n G a A 1 P3^3f 

[»*^3] nSGaAslih 
HrrSaaffi^iJCgftJtbttnM I nA 1 P/i^^inl^ 

Wf5nM^7 * KJi^JiWRtt&ix InGaAlP^b 

Sfris»3t;Ji^Ji^ia:*te>np® i n a i p^b45pi 

[IS*^4] mj|£pM^V^^ hSi^ G a A s 

5 ^ t t-rz>m*m 1 - 3 <&v*-r 1 otcistt 

[»*S5] MEp5! = >'** hJitt. iiuE^*tf* 1 x 
1 oi9cm-3^± b*-y'i!tix\,^z.k&ftm£-tz>n 

7 ] mjlE^Pfl^O K=¥* * -fmn, G a A 1 A 

[»**8] mj|5G a A 1 A s <OT J*mt&Vc 
31 7 Efto^SWWg**^. 



y $ n-c 5 c t £ -r 5 7 * fc s test 
[I**si 1] sdEawsffitt. mM^t 

Etta^fl&ft*-?-. 
[0 0 0 1] 

[«m*>jri-5&«#ih ^smws**^ 

BB-TSo «t ^fttttoKte. InGaAlP^ 

pl^7y KJBOlB^iK** K-^tfcplGaA 1 A 
si, StliplGaAsI, fc U< {l^copi^-^ffA 

[0 0 0 2] 

»«^T*fcf9, ftr«tt*c:ffixS/£ir<o#<(0*iJ^Sr* 

a a 1 p^ktfn&mytmt vxm^^tih(on, *<Dm& 

[0 0 0 3] ft**, *W*B#(^*5V^T r 1 n G a A 1 P 
Jh\ bte. MUsJcitl nxGayAli-x-yP^itSS^ 
Jtx*5J:t5yS:, O^x^l. O^y^l, {S L (x + 
y) ^ l^it»^^cfeb^5IM^)¥*Mt 
&h(Dt1-Z>o -i~tet>*>, InGaP. InAlP. I 
nGaAlP, GaP. G a A l P/jI^Ife^t) Tl 
nGaAlPlj \C<£&tl£i>(0 k1rZ> 0 ZbdC^ 

Tc^^Lry^ (p) (omzjm (as) sr«*rLfca 

[0 0 0 4] InGaAlPl^^t 

-k (led) commas ^mm^>y (s d 

^fflV^fcnScOG a A s SSSrfflV^^^^— jK^fco 
fc. 

[0 0 0 5] B 1 0 -El 1 2 t^3RcO I n G a A 1 P 

[0006] -rt£t>t>^ mi oiCTFistzftytm^Fi o o 

A(^. nSGaAsS^lO n SG a A s ^ 

^yrMlOZ, nSlnGaAlP^7^Kll0 
3 . I n G a A 1 P fgffii 104, pilnGaAlP 
^7y KI105, I TO (Indium Tin Oxide) 30^1 
ffil 0 6asHftfM$*u p«lffil0 7, *5 

J:VnMli o 8»SSntv^o m*ii o 
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1-10511, Wx.ll *«AJWfc¥*Bfift««6 (MO 

cvd&) tcj:Oitr^*^^yUfifc*UT»*$ixS. 
[0 0 0 7] HI 1 1 l£*Lrt:583fc*^l OOBC 

^V^tit pS^77Kil05(OiCpSGaAlA 
siSMI10 9r^tbtl, pfflJWSl 0 7frh& 

[0 0 0 8] Bl 1 2(C7^Lfc5l*^^ 10 0 

*51^TH pi^77K1105Wi:(:plGaAs6 

sst^>^^ mho irawaffii o 6 tfr&mzti 

[0 0 0 9] 

[KWtffimLZo k-tZWkM] L*»U 0 10 £0 1 
2C^lfcInGaAl P^L E DOlj^ttCIl, * 
#fclHH,fe&s*>5o Hi 0tc«Lfcflli6-Cll B9 

^ftflSBIl aSWSffi 1 0 6 SrKttfcr <htcfc5o :w 
J: 9 ftSHfta 10 611 5S3t*B<o«SEi£^ 9 k lift 

8WtSi0 6tt, I TO (SMfcW IB) 

5lipS#»tt-efc5, SEot, LED100ACj(tL 
TjHi*-f6lOl(if^m/3ES:Bl*Di-^^, 39Jfi:4& 1 06tp 

5o LT* E)2{c r^3fe« (1) j itt^ 

[0 0 10] rtUiitLT, Ell 2(C^Lfc«*lR J F-l 
OOCCibVTIl pl^7^ KJ|10 5J:afl«ftl 
0 6i«:> ^fi (~ 1 X l 020 C m-3) OMfS (Z 
n) tK-^UplGaAsfiSSta^^ Hi 1 

Tit, [§12(C r86*« (3) j k LT^ LfcJ: 5 tc x 

[00 11] L*>U 9t--T5<h, Znl:Ml; 

LJr<. piGaAsgllOC 
#»£K--:7 p Lfcffi#ll *M**<0*ftfei\ JlH=- 

nrt* (r*te*>«««:«Lfci») ct>is;ffc£j£^LT 

7K r^^j (3) j iU-C*L*:J:5fc*U*^fi 

Mfe v <£> K— ^4;3^fttt*U2 ( 1 X 1 019 c m -3J^ 

T) . pSGaAsill OaMHSttaV*^ h«£ L 

-c$$t6Lfti^-c\ *^-omat • «EEWitd*w<l:U-CL 

[0012] H 1 1 ^ LfcJR**^- 100BC 

:fcV>Tll gfliSOftbJCplGa A 1 Asfffife 
»S 1 0 9«5»ft*BflKcRtt&ixTV^5 0 :^)pSG 



a A 1 A si 1 0 9 11 ffiffii 1 0 4 ri><btf>3S)te£:jgi§ 

fcffi»£ K-7 , t5 0 :wi#<Oift K-^itt l x l 
0Wcm-31jtt+»4©^ il2{C^Lf:I)tif 

ftl\ £fc. SWtSl0 6^fflV>4V^^ HOC 

«Lfe»3t*-T-l 0 0 A<0«fc5ftlfflHfc*iV\, -fftfo 
*>> Bl 1 ^SStt*^ 1 0 0 B H H2C rtSJfe^iJ 
(2) j HT^UcJ:^:, A#ft*SK • 

[0013] L£»U piGaAl Asil0 9^gtt 

*n mwnM&t'\z.te{&< ^^<dx\ mmi 07^* 

* v > v * 5 FpUH # fc 5 . r o FnUH £ «Bfcf 5 * tc d 
plG a A 1 A si 1 0 9 ^^$^r 4 /imiSEHiCf 

[0014] £*JbRW Lfc «t 3 C «**>#aM«83te* 

§*-eft<. -ti&M&l-X o k-tZk. 

&1k\££Zto&<0*IS<k&±C1t9* htfJSK ft 

[0015] d^^a^^ras^tcaE^T* 

SiXfct^-CfeSo "fftfc>*>. #38 1 nGaAl 

[0 0 16] 

[lW«:<IBW*fc»©*ilr] -Tftfr*>* #3891 
*WS*3lHF-H InGaAlPSt*to^45S3ti 
K-T'SttfcpI^v^^ hS£, fulEpM 

[0 0 17] *fcll #58Wo¥W«S3ft*?-fl I n 
Ga A 1 P^i#K45nS^7-7 Kg <h > ftulEn 

KSO-hlcRtt fett I nGaAl P^##{*^ 
e>*55S3tJB^> «rta»3tJio±ic:R^b*xpa!o I n 
Ga A 1 p^*^?,45pa^7y KJit, tulBp 

KS^±CRit^ti, »EpI^7j/7«J:9 

^K-^ixfcpI^y^^ mrlSp^^^ 

r kz^mk-rzo 

[0 0 18] Sfcll *»W^^8H*38**^«:, nS 
GaAsSfi^ *T«aS«<0±JC«ttbiXnSlI nAl 
PH45nI^7yKSh mifanS^ 7 y h*Jg<0± 
I^Rtt&lXl nGaAl P ft 55S3tJ! , (WtE** 
S^±^RJt(biXpS'l nA 1 P75^ft5p^^^^ K 
Mk, ttB P a^9s/ KJiO-hlcRltbtt. MISpSI^ 
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[0019] &&w<Dmi£L^-MM<DmmtL 

X. MHBpS=i>*^ hSte, GaAsH45:tS: 

[0 0 2 0] Sfc, HWEpffla:"** hBte> JtMaK* 
^1X1 Oi9cm-3J^± K— ^StlT^Sw k&ftWtk 

[0 0 2 1] i£pl^ 7y KS^fJl5^>^^ 

FS£tf>M(c. «lrlBpat^7y Kg J: t> K*^y 

[0022] r~-c\ mz*pm'<>y g 

a A 1 AsH45:i:»»^«o 

[0 0 2 3] mjfGG a A 1 A s COT /U * - * ^ffi^chb 
tt\ 0. 5^±0. 7HTtfc5r^*»»^n o 

[0 0 2 4] ttE^B^VK^+^^Jitt. J^* 

[0 0 2 5] BffiatpfB^v K^^y^Sli. ffJlE 

#*a*4 x i 0i7 cm -3^± K-^Six-CV>5ci:t«f 

[0026] HuEaw«ffitt. K^^e^a 

[0 0 2 7] 

To«aii:o»tt«tfl:«:fiT**-5r t&x£z> 0 mm 

[0 0 2 8] KT, BE*#]RLoo*»W<0*ifc<w» 
IRfcov^TRW-rs. Bill, *?£W<Dm l <vnM(DJ& 

5 0 f*t>*>. BH*c*L*:58**^-l OAtt. nlG 

aAslSl 1£7)1C N nl^77 7 ll2, nS^7 
* K*l 3* Stt«.<»*JI) 14. pI^77Kll 

22, 9n«Si 6^«8cfKA$tt x p{fc|«tii 

1 7. *5«fct/nffll«ffil 8;^/&$;ft,T^5o 
[0029] pl^>^^ hif2 212. ^7:7 

¥«fl4mA^«9, aoj^m (c) tr^Sh 

TV^o *0*f»£LTtt:. fclittf, GaAs^ 



[0 0 3 0] ^ ™/<yK^5/7 , l2 1(t pM 

GaAlAs^InGaAl P Sr*(f £ r ^ * 
7-7 Kg 1 Sk^lsf? ^22 K=F^ ^tOfr 

[0 0 3 1 ] **Wtc*3V^H:. IT01S16COT 
(C) £ K-f^Uc^^^^ YM2 2&n 

X%Z 0 Zhiz, Ztlb<om^ K— ^LfcKlRtt:. 

[0 0 3 2] *3SW 055**^-1 0 A^145t*ffi{cov^ 

T<£>*0< -?£>6 0 -ffjtfr^ GaAs£Ell^±©# 
¥^f*/f 1 2-2 2 ft, Wittf, W«&JR{k^*ffl«ft 
ffi (MOCVD&) (a^)xt7^^t/«fLTM 

[0 0 3.3] #gog* «;Ltf«T<0J:5lc 
-tZ>~btfX$Z 0 -Ttet>*>, s<y7rm 1 2 t IsXm 

0. 5 /x m<DG a A s N nl^ 7 y Kg 1 3 k ITS 
0. 6nmOInAl P, SttS 1 4 i ITfiO. 3/i 
mWInGaAlP, pl^7 7 KSl 5 t LtifiO. 
6/zmcDInAlP. pI*ffl/^K*ty7 P S2 1 i: 
tt^O. 1 MmOG a A 1 A s , pS^y^^ Ff2 
2 k Itao. 04 M mCOG a A s : C G^Df K— ^) 
Srffl^Srir^tS, r^T% fi{±JI 1 4 ^»J«tt. 

tpH^V K^^S2 l«nGaA lAs^iB 
KS 1 5 t ^is*? M2 2 ^CD^PflW^ 

[0034] — Mocwmc^^xm^^^m^t 
itii. Wxtf, hy^f/ui/y^i, (tmg) , hy 

(TMA) , hy^f/K^[)A 
(TMI) ttifO****^ T/V^> (AsH 3 ) „ 

*x7^> (ph 3 ) ncifo**^*^**^^^ 

[0 0 3 5] /<y77i 12i nl^7^ KJB 1 3 
nITttftiU^y=> (Si) SrK-^U pi^ 
77Kil5l:iipIT»(*iUift (Zn) S:K- 
t 0 >^-T5 o ^LT, epB^V' K^-r 7/5 2 1 t ^ 
^^h!2 2i:it p^^M^^L-Cj^^ (c) tK- 

itit, Pixii (s i h 4 ) , vt^^m 
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sm (dmz) , m^tmm (cBr 4 ) *m^^zt& 

[0 0 3 6] MOC VDmc£%&M i J&g:CDUJgte, m 
7 0 0°CT^5 o #««rfifc*Lfc«tc, «««:f+tt, ^ 

[0 0 3 7] 3NSfliJI 1 6 co^^f £ L-Ctt, I 

TO (Indium Tin Oxide : > * J±mmt%)) -*\ S 

[0 0 3 8] H2lt r<OJ:5(cL-C*M?Ufc*3|C»58 
0A^««-«BE«H4«r*-f»ttH-e*6. n 

*^t> rtsjfew (i) j - r«*« (3) j <tLT0H: 

[0 0 3 9] »^^ < t5C> *55^co¥3H*58 

U rte^lEM (2) j il9 fc*b*d«nfe*«E»ttSr* 
t5o **5, r^^0ij (2) j Hi UC^LfcJ:^ 
ttflfV* P SGaAlAs mStfetfc/I 10 9 -5 JSft 

fg^- 1 0 0 B0>«H±£*-t-fctf>-efc6o 
[0 0 4 0] ^CioV^, wOJ:5JcA#**SIE- 

Sttl 6 ir^ratc, K— ^LfcffifittpfflGaA 

s =a>* * hS2 2 i plG a A 1 A s ^Pfl^V K^r-f 

* h/g 2 2 it oshss i e t tomusBctrem 

te. piGaAs^y^hi22^pSlnGaAl 

[004 1] B3il, ^SSW^SS**^ 1 0 A<D/<Z/ K 

b*—\i 9 >Sl,tz=*>?? M22i pl^7j/ K 
il50llf»^/^Evlt &J0. 6eV^-ftl 

a i 5 knmk£m*nq*mm&<D'<> K^^^-r 
*#**»2 lSraart^o :3t6:^ia^ iff 

[0 0 4 2] CTxLtf, ^7yKil5^InAl P\CX 

ixSlfrfrlcrau *H^K*t^|2 1H; G a i- x 
AlxAs tC&V^TT/l"^ — ^-kO&BjsKfcfc x # 5 0 . 5- 
0. 7<D$m^foZ>- i:^a*LV\ -0>|ft/iMBBBfc*5 



*m<n'<^ wmm.m&m o . 3 e vM^Mjt^i 

[0 0 4 3]-*. *f^yK^t7 7 P l2 

*^-ffitrt*i«****V>fc«){C 4 X 1 017 c 
[0 0 4 4] #;{C X #J8W#ti\ ^y^hl2 2 td*f 

[0 0 4 5] ^V*^ Vm<0 K— t 0 >a4ri^^i-i:. I 
TOfgl 6 YM2 2(Dm{ChZ>Ql£m (== 

1 /z mifi< tcfcS lEdFUS^ y T£rl&£tC h^/UL 
tL45±5l-45, IE?LOijftAS:*x.?*t>©3fl«*< 

[0 0 4 6] Sfe, SSl^SSll, W Lfeo. 0 1 
MmKTI-4b4<tt, fc51«+»4*ffia:ofi 

[0 0 4 7] ID 4 (a) Kf£LfciWB*^<D*ig 

**t-«iie«^ia-cfe5o in 4 (b) tt, wffiffl 
[0 0 4 8] wifflim ma (a) c*tfc«t5 

pSGaAsli2 50±Cn>^^ M2 2M 
TO««l 6^Sr««5-e:fe«JSS:*-J-5o 
^V*^ hjf2 l^-r^^^K-t^^S^r^n^ 
tb, 5X10i8cm-3, 7X1 018cm" 3 , 3X1019 

AsI«25Olf«:jS2 5 0(imiLfc o ^LT, r 
tafPflBJB*^, P3H (a) Id^Lfc* 9 t£ I TOii 
1 6 t M21 <btO»-&{c:oV^-ca?*|Blt *5 

[0 0 4 9] RIB (b) tc^LfcJzdfc. ^ 

-^*S:«I 1 X 1 0i9cm-3«t 9 t*<t5i:«»-* 
-^fi:^ 1 x l Oi9cm-3J^±£-f 5r <^c£ 9. 

[0 0 5 0] ft:tC. *&m<Dft%m^<Di&mftytftJfi<D 

&Wk* *ti\^Wo%mt)<D&W]&&\^\,^x'i£mfflb 

^etiBs^BiD^fot), piia (b) li-tox-xiBMceo 
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l^-CI*. *»WOM3lFl 0 Ati t>*CBI 1 ll-fl* 
-Lfct£3fc0« (2) <03^*-*0>W4t>*Lfc. C^T% 
ti£3fc0l (2) S^mS^ftt^fCpMG 
a A 1 A s mitftMfcS 10 9 Sr«**B*CRWfc«it* 

[0 0 5 1] V£&m (2) (Z)*^^*5l^tt, pSGa 

a i a si i o 9 (ntsfcmtf i t oa^nHs^ if ttfi< 

ft & ft ^fc»lc, «at*s*jtB^flcjc*S— (c/E*s fb ft v * 
i:^?Fnm& s i£>5o -f-ftfc>^ ins (b) Cc^LfcJ;? 
tc> !£S50« (2) <&R**-T-<0»*lctt:. »3t3»flE»* 
Cttftv\" 4fc, ««OJBiZ2SfB»Jci3V^-C«:*< 

i: d5fc»?5^o 

[0 0 5 2] *«9ncJ:j|xtf, r. 5 L/c5B3te5ftte$M&<a 

^W<D%%m^-l 0 AirirfclcEll l{C0ij;^Lfc:t£3fc 
« (2) ^3gft§Sf^(7^tt^Lfc 0 ^JSW^SStt*^ 

(2) (Dftytm+tttm^xmi. 5^^^ 

[0053] *JSISoJS**^o^W±tc:*N- 
5&#»*fcoV>T«S50» i: fcfcR looS^f^o HI 7 

^£*rw±ia-cai>s 0 ::-e, (3) j 

tt, HI 1 2«C0H^L^«t 5l-pS^75/ K10 5 C7)±(d 
(— 1 X 1 O20 C m-3) (WSLSfti: K-/LfcpiG 

a a sismK^i/?? vm 1 1 o*«ji ufc«jts:*rr 

5„ «e*fl»J (3) BI^LfCct 3tc^t^®^ 

*lHA**<fi< , ft^75^offife v ote*(cj:o-c^tc^{b 

[0 0 5 4] t£^#fj (2) ^^f-KS^-O*. S 

w«ffioftb 9 p ig a a i a s nMm&m 109^ 
Rtt&nrv**. (2) <£>sm*. h*l*i 

5WV^plGaA 1 AstSatfl 0 9 &J»fSrt'Z> 

[0 0 5 5] m&0|S*«IC«tL-C. #3SWtf>38#;* 
^-lOAij:, ttffl^<&*D#4*tSfc«*U fWfrfcffifcTge 
^L-CVN5 0 "fftfc>*>. *«WlC*5V*TH:, pSGaA 

s!22 «cE»*>ftto 9 tctt*«rMfctc K-^-f 5 r <h 
f c J: 19 *^PJgfit*i£« LTMffl*^ &SiT 5 C 4 ^ 
£5 0 «*W:E»i:J*ft9, #»«ctMkL»^ 

5'MBj&s«V\, *(Ott*<bLT, El7K^L*:J:5ft& 



[0 0 5 6] RK. *38Wtf>* 2 <0*lfcO»ttfcLO^T 
^t5 0 0 8 11, ^§^o^2^*J£co^^(c#^4 i 

LfcSSft*^ 1 0 B t>> nSG a A s 1 1 cO±{C, 

niGaAs^y7rll2, n^lnGaAlP^^ 
yKI13, I n G a A 1 P«i^Fafl5tti 2 
6, pIInGaAlP^7^KSl5, pSGaAl 
A s ^Pfl^^ K^r-t •;7 1 |2 1 N p^G a A s : C = > 
^^hg22, I T O (Indium Tin Oxide) aeflfSffi 1 

[0 0 5 7] **jft»fflf£*3V*Ttt:, $ piny 
^ bJf 2 2 fc" I TOlSl 6 ir^ffitC. «8J:/n ^ 

wtnhthx\^ 0 pftij«flii 7 0Ttjs^tctt, 

pft««ffil 7«cKfetuT^«fB*c*S:K9ffli-r.4 35S-C# 
ftv\ :nWLt, **tt»IR<0J:5^«8R^'o5f^ 
12 3£Rtt5r irtcj: 0, piftiJU^l 7 0T(cIffiS: 
i^At^r 4*fflJkLT&ffcft55ft*miJU ftcoEt!? 

[0 0 5 8] **ll&B<**C*3V^Ttt, 

&mm2 4(c<t fpstts 1 4^^^i c P^TfS]#tc^cffi$ 

tf, ISr^^/^ 2»^I^^I{;||1^ 

AffWtwJi, InAlP/InGaAl P^I 

n A 1 P/GaA s ft if (D$m^£ffl^T 10-201 

[0 0 5 9] ^/c. **JBRttJC|3V^-CH:, nl^7^ 
KS^_h(05l3tS4r inGaAl P^li^FIffitt 
126 ir-T5r 4T% il^<^ I nG a A 1 P7£f£/I 1 4 

[0 0 6 0] *fc, *JOBBlll»C*5V^Tt>, K- 
t'y^LfepSi^^^^ F12 2 icpM^V' K^r^ 5/^ 

.^efeSft if <^ffi^ ^ja*S:|S]«(c#-5 r. ir So 
[0 0 6 1 ] **M^«3^*lfc<o»lBJcov^T 

LfdlSftSf^l OCt,, nSGaAsISll^ll:, 

niGaAs/<777il2 s nglnGaAlP^7 
I nG a A l Pgtti 1 4, pMlnGa 
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Al P^7^KS15, p iG a A 1 A s f»M^>' K=¥ 
t77 9 f2 1 N plGaA s:C = >*^hJB22 % I 
TO (Indium Tin Oxide) S9i*lS 1 6 /Wig^MSS 2 

[0 0 6 2] **S6»<B*ca3l^-Ctt, pftflSffi 170)i 
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